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1. B pa60TaX /1-5/ 6~nH TeOpeTH4eCKH H3Y4eH~ CBR~aHHMe COCTO

RHHR conHTOHOB l$n~KcoHoBI B AnHHHbIXyA~03e~COHOBCKHX nepexoAax 
C MIo1KpoHeoAHopOAHOCTRMH, npHTRrHBalOU\HMH ~n~KCoHbl .. 3TH CBR3aHHble 
COCTORHHR H3Y4anHCb aHanHTH4eCKHMH H 4HCneHHMMH MeTOAaMH B 06~e
npHHRToi:1 MOAenl-1 /6,7/ OAHOMepHOrO A~03e~COHÇ>BC KOrO nepexona , 
onpeAenReMoi:1 ypaBHeHHeM 

1Jt t + acPt - 1Jxx+ [1- 1l8(x - XO ) ] sin<jl + y :; O. /1. 1/ 

3Aecb -e~ x~ e H <jl(x. t) YAOBneTBopReT rpaHH4HblM ycnoBIo1RM 

1Ji±f, t) = h±. /1.2/ 

nOAP06Hoe onacauae MOAenH H 0603Ha4eH""i:1 MO~HO Hai:1T"" B /1,2/ 
3AeCb M~ HanOMHHM nHWb HeKOTop~e .MOMeHT~, He06xoAHM~e AnR no
HHMaHHR AaHHoi:1 pa60T~. 

npH Il = o ypasHeHHe 11. li CSOAHTCR K cTaHAapTHo~ MoAenH OAHO
pOAHoro nepexoAa. EcnH Il > O, TO $n~KCOH~ npHTRrHBa~TCR K MIo1KpO
HeoAHopOAHOCTH, a npH Il < O OHH OT Hee OTTanKHBa~TCR. HanOMHHM, 
4TO S 6eCKOHe4HO AnHHHOM nepexoAe pacnpeAeneHHe MarHHTHoro nonR 
~x(x.t) , COOTseTcTsy~~ee OAHOMY ~n~KCOHY, ,HMeeT BIo1A 

~:r. (x - ç) • 2'sech[x - ç(t)], 11.31 

rne ç(t) - nO~Q)KeHHe uearpa onoxcoaa. B IKOHe4HOM H HeoAHopOAHOM 
nepexOAe O ~n~KCOHe MO*HO rosop""Tb nHWb B TOi:1 CTeneHH, B KaKoi:1 
MO~Hb npeHe6pe4b BnHRHHeM Ha Hero rpaHH~, ~eOAHopoAHOCTH H BHew
Hero TOKa y, TeKy~ero 4epe3 nepeXOA. BnHRHHe Bcex 3TIo1X B03MY
~eHHi:1, Boo~e rOBopR, ""CKa~aeT T04Hwe peweHHR ypasHeHIo1R CHHyC
rOPAOHa, onacsaaoaer-o OAHOPOAHbli:1 6eCKOHe4HblH nepexon , .AO HeY3
HasaeMOCTH. n03TOMY B~pa*eHHe "csR3aHHble COCTORHHR ~IJIOKCOHOB" 

He cneAyeT nOHHMaTb 6YKBanbHO. T04Hee 6b1no 6b1 Ha3b10aTb 3TH CO
CTORHHR CSR3aHH~MH COCTORHHRMH MarHHTHoro nOTOKa. TaK""M CBR3aH
H~M COCTORHHeM M~ Ha3~saeM n~60e peweHlo1e 1J(x) 3aAa4H /1.1/, 
/1.2/, He 3aB""CR~ee OT speMeHH /e~TecTBeHHo, npeAnonaraeTcR, 
4TO He 3aSHCRT OT BpeMeHH Y H!l± I. 

3aMeTHM,4TO s ypaBHeHHH /1.1/ Mbl OCTaB""nH nHWb OAHY HeOAHopOA
HOCTb, onHc~saeMY~ 8- $YHK~Hei:1. Pa3YMeeTcR, 3TO CAenaHO n""Wb 
AnR ynpo~eHHR 3anHCH. MO~HO roeopa'r s o CSR3aHHblX COCTORHHRX Ha 
HeCKonbKHX MHKpoHeoAHopoAHOCTRX, nHWb 6b1 OHH H~xoAlo1nHcb APyr OT 
APyra Ha paccToRHHRX, õonsun-x nonYWlo1pHHbl cornrroua , paBHoi:1 1 B 
H36paHHoi:1 HaMH CHCTeMe eAHHHl4 /CM./ 1- 2/ /. MOAenb c 8 - ~YHK~H
RMH Mo~eT COOTBeTCTsosaTb caMblM pa3HblM ~H3H4ecK""M pean""3a4HRM 
nepexoAa. npocTei:1waR 1013 HHX CBoAIo1TCR K TOMY. 4TQ="398"QY~~""i:1 

"'ltr&tmirltVr;~·J'·\ ~;~~:~~ \ 
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6apbep B nepexOAe nOKanbHO /a6nH3H x o / YTOn~aeTCR H He npOBO
AHT A~03e$COHOaCKH~ TOK. n03TOMY B6nH3H Xo MaKCHManbH~H A~03e$

COHOBCKHH TOK MO~HO npeACTaBHTb npH6nHmeHHO, HanpHMep, KaK 

in:::: 1 - sech [;;(x, 2 2 xo)]. /1 .4/ 

npH p« 1 3TO B~pa~eHHe AnR TOKa nonHOCTb~ 3KBHBaneHTHO TOKY c 
5 - $YHK~He~ B /1.4/: 

in (x) = 1 - p5(x - xo). /1.5/ 

Kat< Mbl HeoAHOKpaTHO npoaepana , H npH He CJlHWKOM 60nbWHX 3Ha4eHH
RXp /cKa~eM,p.~ 0,5+1/ 3Ta 3KBJ,1SaneHTHOCTb coxpaaaerca , ecna He 
Y4HT~BaTb COCTORHHH ~(x) , KOTop~e 6~CTpO MeHR~TCR Ha lttHTepSane
I x - Xo I:~ p 12/5~ Haaõonee HHTepeCHble AnR <1>H3t.1KH yC'ro~4HB~e CBR
3aHHble COCTORHIIIR a6nH3H HeOAHopoAHOCTH MeHRIOTCR Mano. B 3TOM

.' cnyuae AnR TOKa B6m13H HeOAHopo.qHOCTH MOH{HO n0I.1b30BaTbCR KaK 
MOAenRMH c 5 - 4>YH~~HRMJ,1, TaK H IIpa3Ma3aHHbIMH" Bblpa~eHHRMH rsma 
/1 .4/ /$YHK~H~ sech x, pa3YMeeTcR MO~HO 3aMeHHTb n~OH APyro~ 
t1>YHK~He~ c aHanOn<14HblM "xonoxonooõpaauua" nOBeAeHHeM/. 

Bonpoc 06 YCTO~4HBOCTH COCTORHHH H HX 6H<1>YPKa~HRX nOAP06HO 
paaoõpaa B 121 /CMo r aioae 151 /. HanOMHHM r onsxo , 4TO B HaweM 
cnY4ae COCTORHHe ~(X) YCTO~4HBO, ecnH c06CTseHHble 3Ha4eHHR 3aAa
4H 

-r/Jxx+ jD(x)eos~(x) r/J :::: Àt/J, r/l x (± O .. O. /1.6/ 

nono~HTenbHbI. 4eM 60nbwe MHHHMaRbHoe c06CTseHHoe aHa4eHHe À mln ' 
TeM 60nee YCTOH4HBO COCTORHHe ~(x) • EcnH À min 06pa~aeTcR B Hynb 
npH H3MeHeHHH KaKHx-nH60 napaMeTpoB /HanpHMep, h±,p, Y H T.n./, 
TO COCTORHHe ~(x) TepReT YCTOH4WBOCTb. HHblMH cnoeaMH, npOHCXO
AHT 6H<!>YPKa~HR. 

HTaK, AnR onpeAeneHHR YCTOH4HBblX CBR3aHHblX COCTORHHH ~(x) 

pewaeTCR HenHHeHHaR KpaeBaR 3ãAa4a 

~ x z " i D (x) sin ~ + Y, ~ x ( ± f) .. h± /1. 7/ 

COBMeCTHO c nHHeHHo~ KpaeBoH aaAa4eH 11.6/. B pa60Tax / 1- 51 c
 
~enb~ ynpo~eHHR paC4eToa paCCMaTpHsanaCb 3Tã 3aAa4a B OCHOBHOM
 
npH y = O H h± = O. C T04KH 3peHHR HG6n~AeHHR CBR3aHHbJX COCTOR

HHH H HX 6H$YPKa~HH none3Hee pe~aTb Hec~onbKO 60nee cnO~Hble 3a

Aa4H:
 
I h , == h., =o h, y =I O;
 

I I h:t = ±a± j + h, y == O; 

npH 3TOM HaH60nee 4aCTO BCTpe4a~TCR cnY4aH / 7/: 

I Ia ..a+:::: a _::: 1/2; 

116 a+ :::: O, a _:::: 1, a_= O, a+= 1; 

IIB a+ + a_::: 1 o 

2 

Bo acex- ciJY4aRx h ecrs npoexuaa BHewHero MarHHTHoro nona Ha OCb 
y , ne>Ka~ylO B nnOCKOCTH nepexoaa. B cnyvae I I'lnepeKPbIBalO~aRcR" 
reOMeTpHR/, sHewHHH TOK y Te4eT 4epe3 BeCb nepexoA,H MO~HO AO
6HTbCR Toro, 4TO y He 3aBHCHT OT x • B cnvvae 11 BHewHHH TOK i 
Te4eT nHWb no KpaRM nepexoAa /T04Hee, OH npOHHKaeT BHYTPb Ha ÀL' 
rAe nOH,qOHOBCKaR rny6HHa npOHHKHOBeHHR ÀL « 1/. 

Ha onblTe MO~HO He3aBHCHMO sapbHpOBaTb ABa napaMeTpa: i /HnH 
y / H h. H3Y4eHHble HaMH pauee COCTORHHR 11- 51 paCCMaTpHBanHCb 
npH H3MeHeHHH nHWb onaoro napaMeTpa h_/TaK KaK y = O H h +' = 0/. 
3TY cHTya~HIO nerKO peanH30saTb Ha onblTe. HanPHMep, B nHHe~HoH 
aHTHcHMMeTpH4HoH reoMeTpHH lanti-inline/
 
116/ a+ == O, aI.- =o 1, Y ... O HMeeM j ::a :- h., , h == O.
 
TaKHM 06pa30M, H3Y4aBwaRCR HaMH B 11- 51 3aBHCHMOCTb CBR3aHHblX
 
COCTORHHH /BKnI04aR 6H~YPKa~HH/ OT MarHHTHoro nonR h_ Ha neBOM
 
KpalO nepexoAa eCTb B 3TO~ reoMeTpHH 3aBHCHMOCTb OT BHeWHero TO

Ka i o Ha onblTe MO>KHO onpe~enRTb KDHTH4eCKHe 3Ha4e~HR TOKa i ,
 
KOTopble COOTBeTCTBYIOT pa3nH4HblM YCTOH4HBblM CBR3aHHblM COCTORHHRM.
 
. HanpHMep, npH f = 5, p = 1 MbI HawnH 151 5 pa3nH4HblX YCTOH4H

BblX CBR3aHHblX COCTORHH~, Ka>KAoe H3 KOTOpblX cy~ecTByeT B CBoeM
 
HHTepBalle i n1 < i.< in. n = 1, o .• , 5. KpHTH4eCKHe 3Ha4eHHR TO-
m n m ax 

KOB j:ln H j~a% MO~HO onpeAenHTb Ha onblTe. ECTeCTBeHHO, HaH60
nee HHTepeCHO 6~no 6~ HenocpeACTBeHHO Ha6nlOAaTb H pacnpeAeneHHR 
MarHHTHOrO nonR ~x(x) B pa3nH4HblX COCTORHHRX, KaK 3TO AenanOCb 
HeAaBHo AnR aH'anorH4H~X pacnpeAeneHH~ MarHHTHoro nonR 8 0AHO
POAH~X nepexonax BO BHeWHeM MarHHTHOM none 181 • 

B 3TO~ pa60Te H3Y4aIDTcR YCToH4HBble cTaTH4ecKHe COCTORHHR B 
nepexona c TOKOM Y BO BHeWHeM none h, T. e. paCCMaTpl-tSaeTCR aa
Aa4a r. 3aAa4a 11, B npHH~Hne, peurae r ca TeM ~e caMblM MeTOAoM 
H 3AeCb M~ Ha HeH OCTaHaanHBaTbCR He 6YAeM. B n.Z M~ npHBOAHM 
HeKOTop~e aHanHT\;t4eCKHe npH6nl-t~eHHR AnR CTaTH4eCKHX COCTORHHH 
B nepeXOAe c TOKOM I-t npOCTble ~opMyn~ 6H~YPKa~HOHHOH TeopHH B03
My~eHH~ AnR np~6nH~eHHoro B~4HcneHHR CABHra KpHTH4eCKoro 3Ha4e
Hl-tR TOKa Yc npH ManOM B03My~eH~H nlO60H npHpoAbl. B n.3 npHBeAeH~ 
pe3ynbTaT~ 4HcneHHoro paC4eTa CTaTl-t4eCKHX COCTORHH~ H COOTBeT
CTBY~~X HM 3Ha4eHH~ Yc. 

2. npOcTeHwee CBR3aHHoe COCTORHHe npH Y # O H h = O MO~HO 
nerxo HaHT~ c nOMO~blO npocroã TeOpHr.1 B03My~eHH~ no p. npH Il == O 
ypaBHeHHe 11.7/ /in(x) 3aAaHO ~opMynoH 11.5/1 c rpaHH4HblMH YC
nOBHRMH cp l[ (± f) = O HMeeT 04eBHAHoe peuieuae 

~ o ares!n Yo /2 . 1/ 1:1 

llonar-aa ~ ... CPo + tP1...••• .rne 14J l' « I eP I, ner xo noxa a arj, , 4TO o 

~1 :I aeh[K<!xl - O], /2.2/ 

rne K 
2 

:1 ../1 - y 2 , a:c fl-(sh K f _ ~ che P)-~ 
2K 2 
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CneAy~~~e 4neH~ B pa3nO~eH~~ ~ HMe~T 60nee BWCOK~~ nopRAoK no~.
 
np~6n~~eH~e /2.2/ rOA~TCR, OAHaKO, ~ np~ He Man~x 3Ha4e

H~RX ~ , ecn~ Mano y. C APyro~ CTOPOHW, KorAa y np~6n~~aeTCR
 
K eA~H~4e, np~6n~~eH~e cTaHOB~TCR Henp~MeH~MWM np~ CKonb yroAHo
 
ManblX 3Ha4eH~RX ~ . 

np~4~Ha nocneAHero RBneH~R 04eHb npOCTa. np~ M = O peweH~e 
~o cy~ecTByeT B ~HTepBane Iyl < 1. np~ y = 1 npo~CXOA~T 6~~yp

r coorae'rKaL\~R, . e , cr eyoutee 3Ha4eH~e Àmin = J1 - /~ oôpauiae r cn 
B Hynb. Ecn~ ~ ~ O, TO peweH~e, pa3no~eH~e KOToporo AaeTCR ~op-
MynaM~ /2. 2/ cyuiec r ayer n~Wb np~ I Y < Yc, rAe Yc < 1, ~ np~ 
ManblX ~ 3Ha4eH~e Yc 6n~3Ko K eA~H~L\e. TaK\.1M 06pa30M, Henp~MeH~
MOCTb 06~4HO~ Teop~~ B03My~eH~~ np~ y _ 1 CBR3aHa c Han~4~eM 6~
~YPKaL\~~. B 3TOM cny4ae MO~HO np~MeHRTb n~Wb 6~~ypKaL\~OHHYIO Teo
p~~ B03My~eH~~ /6TB//CM. /2/ I,. a caMY TO~KY 6~~YPKaL\~~ HaxoA~Tb 
MeTOAaM~, He CBR3aHH~M~ c Teop~e~ B03My~eH~~. 

npHBeAeM np~Mep COOTHoweH~~, nonY4eHH~X B nepBoM np~6n~~eH~~ 
6TB ~ none3H~X np~ aHan~3e ~3Y4eHH~X B 3TO~ pa60Te 4~cneHH~X 

T04H~X peweH~~. AonYCT~M, 4TO np~ 3aAaHH~X 3Ha4eHH~X Bcex napa
"01 1 MeTpOB, cHa6>KeHHb1X ~HAeKCOM , ~MeeTCR CTaT~4eCKoe peureuae ~(otX) 

3aAa4~ /1.7/, T.e. 

~~~)=v;(~(O»)-Yo' ~~O)(±i)~h~O), /2.3/ 
. dV
 

/3Aecb V - HeB03My~eHHbl~ nor euuaan , V'; =: d~ o / ~ npa 3TOM Ha~
o 

H~3wee c06CTBeHHoe 3Ha4eH~e KpaeBo~ 3aAa4~ /1.6/ paBHO HynlO, T.e. 

_r/J~1- V;'(~(O) )tfr(O) = O, tfr~O) (±f) = o. /2.4/ 

3TO 03Ha4aeT, 4TO napaMeTpbl HaXOARTCR Ha nOBepXHocT~ 6~~YPKaL\~~. 
MO>KHO nOcTaB~Tb 3aAa4Y o B~4~cneH~~ peweH~~ B6n~3~ 3TO~ nOBepx
HOCT~ - 3TO 06~4Ha~ nOCTaHOBKa 3aAa4~ 6TB/ 2/ . Ho MO~HO peW~Tb ~ 
60nee ~HTepeCHYIO 3aAa4Y - Ha~T~ np~6nH>KeHHOe B~pa~eH~e AnR caMO~ 
nOBepXHOCT~ 6~~YPKa4~~ B6n~3~ Ha~AeHHo~ ee 'T04K~ Po =(y o' h (O) , ••• ). 

nYCTb npa ManOM ~3MeHeH~~ nap aaerpoa P, TaK 4TO P :z Po +P 1/T.e . 
(O) (1) / / /y:: Yo + Y1' h±=h± + n±,~ r n, , noreauuan B ypaBHeH~RX 2.3 ,i 

/2. 4/ ~3MeHReTC~ Ha V1 ' T. e. V ::: V0+ V1 • Peureuae ~ OCTaeTCR Ha 
nOBepXHOCT~ 6~~YPKaL\~~, ecn~ YAOBneTBopeHbl ypaBHeH~R 

~xx = V~(~) + Vi(~) -'(Yo+ Y1)' ~x(±f) = h~O)+ h~1), /2.5/ 

-ifr + (V"(~) + V"(~)]rf; = O, ,I, (±f) = O. /2.6/
xx o 1 ~x 

flonar aa ~ = ~(O)+i 1), tfr = tfr(O\ rf; (1), MO~HO noxaaar s , 4TO He06xoA~Moe 
ycnoB~e cy~ecTBoBaH~R peweH~~ ypaBHeH~~ /2.5/, /2.6/ B nepBOM 

np~6n~>KeH~~ eCTb 
(1) (1) 

n , + h_ 
<Y1 tfr(O) > - <Vl'(~(O»)rf;(O) > t- <V,,(~(O»)Xl/J(O» + /2.7/ 

2 o 

4 

+ _1_(h(1> _h(1) )(.<.,,(0» + 2:-.,.< V ""(.4.(0»)x 2",(0»] = O 
2f -+ - ~ 2 o 'fJ ~ , 

l 
rAe <••• > =_~ dx(••• ) • YpaBHeH~e /2.7/ 3aB~C~T n~Wb OT peweHH~ 
~ (O) ~ tfr (O) ripa P ==P o ~ nae r COOTHoweH~e Me~AY BceM~ napaMeTpaM~ 
Ha nOBepXHOCT~ 6~~YPKaL\~~ B6n~3~ T04K~ Po. 3aS~C~MOCTb OT y,h± 
B~n~caHa ~BHO, 3aB~CHMOCTb OT APyr~x B03MO>KHWX napaMeTpOB COAep
>K~TCR B 4nel1e - <V ;(~ (O) ) t/J (O) > • Hanpaxep , B paCCMaTp~BaeMOM HH

>Ke .cny-iae V' (~(O») = j~) (x) sín ~ (O) (x) , ~ V t'(~ (O») ec r s npOCTO 
j b1) (x) sincP(O~ (x) , rAe j g) (x) - ~3MeHeHHe KpHT~4eCKoro TOKa 
A>K03e~COHa, CBR3aHHoe c HeOAHopOAHOCTblO. MO>KHO, B 4aCTHOCT~, 

B3~Tb j~) (x)::: 1 -~oô(x),jb1)(x)::: -~1ô(x)~ r n , i 

YpaBHeH~e /2.7/, eCTeCTBeHHO, Henp~rOAHO B5n~3~ oc05eHHOCTe~ 

nOBepXHocT~ 5~~YPKaL\H~ /"5~~YPKa4~~ 5~~YPKaL\~~II/. B 3TOM cnY4ae 
paanoaeaae HY~HO npoaonur s HeCKOJ1bKO HHa4e. nOA05Hbli1 np~Mep pac
CM()TpeH B /5/ • 

3. 3aAa4a 05 onpeAeneH~~ Kp~T~4eCK~X 3Ha4eH~~ TOKa y B nOCTa
HOBKe I pewanacb 4~cneHHo. Bwn~weM e~e pa3 OCHoBH~e ypaBHeHHR:l-~xx + jn(x). sincP + y 

P(~) = ~x(-i) -h_o O, /3.1/ 
{ 

~x (f) - n, 

j D (x) ;:; 1 - Sech 
2 

( .!...(x - x o ) ] . 
~ 

YCTO~4~BOCTb peweHH~ 3aAa4H P(cP) = O onpeAenReTcR, KaK pa3cRC
HeHO B~we, 3HaKOM M~H~ManbHoro c05cT8eHHoro 3Ha4eH~R n~He~Ho~ 

3aAa4~ 

if1xx + [Ã - jn(x)cos~(x)h/ = O, tfr (- f):= o/x U ) ::: o. /3.2/x 

Mbl paccaarpaaana cnY4a~ h, = h_ = h. 
3aAa4a /3. 1/ peuianac s np~ nOM~~ HenpepblBHoro auanor-a MeTOAa 

HblOTOHa /HAMH// 9/. BMeCTO ypaBHeH~~ P(~)~~ewaeTcR 3aAa4a Kow~ 
An~ ypaBHeH~R 

P'(~) d~ + P(~) = O, ~(x,O) == ~ (x), tE[O,~), 
dt o 

rAe ~o(x) - Ha4anbHoe np~5n~~eHHe. CXOA~MOCTb HAMH An~ onepaTOp
HblX ypaBHeH~~ B~Aa /3.1 / ~3Y4anaCb, Hanp~Mep, B paõorax /9.10/ • 
AnR 4~cneHHO~ pean~3aL\~~ ~cnonb30Banc~ MeTOA 3~J1~pa Ha HepaBHO
MepHO~ cer xe Itk,k = O, 1,2" •• ~tk+l = tk +TkL. Ha Ka~AoM cnoe tk 
COOTBeTCTBYIO~a~ n~He~Ha~ 3aAa4a pewanaCb np~ nOMO~~ cnna~H-pa3

HOCTHO~ cxeM~ BToporo nop~AKa T04HOCT~/5/ Ha paBHOMepHO~ ceTKe 
no x . napaM,eTp Tk B CoOTBeTCT B~~ c anroparxoa, ~3nO)f(eHHblM B111~ 
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6pancn no M~H~MyMY HeBA3K~ Ha AaHHOM ware. B Ka4eCTBe Ha4anbHO
ro np~6n~meH~A ~cnonb30BanCA Ky6~4ecK~~ cnna~H, ~HTepnon~py~~~~ 

3aAaHHW~ non~HOM ~ YAOBneTBopA~~~~ rpaH~4HWM ycnoB~AM 3aAa4~ 

/3.1/. 
AnA KamAoro Ha~AeHHoro peweH~A HaXOA~n~Cb xapaKTep~cT~K~: 

nonHbl~ MarH~THbl~ noTOK 
f 

~rP == rP U) - rP ( - f) == f rP x (x) dx , /3.3/ 

-e 
nonHaA 3Hepr~A, cocpeAoT04eHHaA BHyTp~ nepexOAa: 

f 
'C 1 2 
,~ == f (-rP + iD(x)(l-cosrP)+YrP]dx, /3.4/


-f 2 x
 

cB060AHaA 3Hepr~A 

'~ == :~ - h ~ rP , /3.5/ 

~ APyr~e. 

Aanee, MeToAoM ~Tepa~~~ nOAnpocTpaHcTB HaxoA~n~cb nepBble Tp~ 

c06cTBeHHwe 3Ha4eH~A 3aAa4~ /3.2/, COOTBeTcTBy~~~e KamAoMY ~3 

06HapymeHHwx peweH~~. np~ ~3Y4eH~~ 3aB~C~MOCTe~ xapaKTep~CT~K . 
peweH~~ OT napaMeTpoB h ~ i peweH~e, Ha~AeHHoe AnA $~Kc~pOBaHHWX 

3Ha4eH~~ napaMeTpOB, paCCMaTp~BanOCb KaK Ha4anbHoe np~6n~meH~e 

AnA peweH~A, COOTBeTcTBy~~ero HOBWM, AOCTaT04HO 6n~3K~M 3Ha4e
H~AM h', y' 3T~X napaae r poe . 

OCHoBHwe pe3ynbTaTw pac4eToB np~BeAeHW Ha p~c.1-3. Mw np~Bo

A~M n~Wb pe3ynbTaTw paC4eTOB AnA C~MMeTp~4HO~ KOH$~rypa~~~ x o =0 
~ AnR f = 2,5. B OCHOBHOM paCC4~TaH cnY4a~ P. = 1. AnA cpaBHeH~A 
npoBoA~n~cb pac4eTw np~ p. = 0,1, 4TO no cy~eCTBY COOTBeTcTByeT 
cnY4a~ OAHopOAHoro nepexoAa. Ha ,p~C. 1 np~BeAeHW pacnpeAeneH~H 

MarH~THoro nonA np~ ~ = 1, y = 0,2, h = 1. COCTOAH~R /1/ ~ /2/ 
YCTO~4~Bbl, a /3/ ~ /4/ - HeycTo~4~BW. 

$'
 
2,0
 

',2 

',5 

2,5 5,0 X 

PliC. 1 

6 

I' 
I 

:
~ 

-; 
('0025, ! 
~1,. 3,2, h 

\, PliC. 2 
I 

60nee nonaoe npencraaneuae 06 YCTOJlt4~BbIX COCTOAH~AX ~ ~x 6~

$ypKa~~Ax MomHO nonY4~Tb ~3 p~c.2, Ha KOTOpOM ~306pameHbl 3aB~

C~MOCT~ À min OT h ripa pa3n~4Hblx 3Ha4eH~AX y. 3TOT P~CYHOK Mom
HO c~MMeTp~4Ho npoAonm~Tb B 06nacTb oTp~~aTenbHwx 3Ha4eH~~. Ha 
pucy-nce B~AHbl Tp~ 'C'i-1CTeMbl Kp~BbIX, cooTBeTcTBY~~~X pa3n~4HblM T~

naM YCTO~4~BWX COCTOAH~~: 1/ Me~ccH~poBcK~e COCTOAH~A, B KOTOPWX 
MarH~THoe none npOH~KaeT B nepexOA n~Wb Ha paCCTOAH~A ~1; 2/CBA
3aHHoe éÓCToRH~e corurroua /MeH'bw~e 3Ha4eH~A À / ~n~ aa n-cona-
TOHa; 3/ B Y3KOM ~HTepBane 3Ha4eH~~ h B c~nbHOM none TaKme cy
uiecr ayer COCTORH~e c 60nbw~M nonHblM nOTOKOM. 

0-21' 5,}J .1', 

(D-21·S.)./ -0,1; 
Q)-2I o10,jI"OS. 
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Kp~T~~eCK~e 3Ha4eH~R TOKOB AnR KamAOrO ~3 TpeX COCTORH~~ 

MOmHO onpeAen~Tb no 3TOMY rpa~~KY, HaXOAR T04K~, B KOTOp~X À min 
06pal1\aeTCR B Hynb. Hanp~Mep, Me~CCH.epOBCKaR Kp~Bafl c y = 0,7 
nepecexaer OCb h B T04Ke h = 0,'43. TaK~M 06pa30M, 'Kp~T~~ec K~~ 
TOK Yc np~ h = 0,43 paBeH 0,7. TaK MomHO nonY4~Tb 3aB~C~MOCTb 
Kp~T~4eCKoro TOKa Yc OT h AnR Bcex COCTORH~~, ~306pame~HY~ Ha 
p~c.3 IKp~B~e 1 I. AnR cpaBHeH~R Ha 3TOM me p~CYHKe npeACTaB
neHa 3aB~C~MOCTb Kp~T~4eCKoro TOKa AnR aHanor~~H~X COCTORH~~ np~ 

OTBeTcTBY~l1\~X CBR3aHHblM COCTORH~RM con~TOHoB ~ aHT~con~TOHOB, 

nOKan~30BaHHbIX Ha HeoAHopoAHOCT~. Con~TOHHaR ~ aHT~con~ToHHaR 

BeTB~ nepecexaor ca npu h = O B T04Ke y ~(O) ~ c~MMeTp~4Hbl OTHO-
d S 

C~TenbHO ocu y • no Ben~4~He y ~(O) ~ HaKnoHY.-Ls.(O) MO>KHO, Ha
c dh 

np~Mep, CYA~T b o Ben~4~He ~ ~ À J • 

~ = 0,1 IKp~B~e 2 I. BamHe~w~e Ka4eCTBeHH~e OTn~4~R HeoAHopOA
Horo nepexoAa OT OAHopoAHoro: II oAHocon~TOHHoe COCTORH~e np~ 

~ = 1 CYl1\eCTByeT ~ B HyneBoM MarH~THOM noneJnp~ h = O Kp~T~4ec
Koe 3Ha4eH~e y'~ "" 0,03; 21 Kp~T~4eCK~e 3Ha4eH~R y c MfI Me~CCHe
pOBCKoro COCTORH~f1 np~ ~' = 1 H~me, a AnR con~ToHHoro COCTORH~R 
auure , 4eM npa J.l. = O, 1. 3TOT 3~~eKT AonmeH nerKo Ha6n~AaTbcR Ha 
onure , 

np~ YBen~4eH~~ An~H~ nepeX0Aa Kp~T~~eCKoe 3Ha4eH~e i:(O) B03
pacr ae r . Jler xo OI.~eH~Tb y ~ AnRr>:>1 B npocroü MoAen~ HeAe<popM~pye

Moro con~TOHa, CBR3aHHoro Ha HeoAHopOAHOCT~. nYCTb np~ Y ~ O 
ue-rrp conaroaa CAB~HYT B T04KY ç. nOACTaBnRR rP (x - ç) B BblpameH~e 
AnR 3Hepr~~ 13. 41 ~ Bb14~cnRR i6:-IJ.ç, HeTPYAHO Ha~T~ ycnoaue paa
HOBeC~R con~TOHa 

J:~.	 2 
-- = O, T.• e. 21TY ... 4,.tth ç (1 - th ç) •	 13.61Jç 

Kp~T~4eCKoe 3Ha4eH~e y, o~eB~AHo, onpeAenReTcR ~3 ycnoB~R 

ay la ç = O, 4TO naer thç c = ~, y S = y(ç c), • 
J3 c 

r S = 4~ -:. O,245~. 13. 7I 
c 3J3 TT 

3TO rpy60e np~6n~meH~e MomHO YCOBepweHCTBOBaTb AnR y4eTa KO
He4Horo oaaxepa nepexona ~ rpaH144HblX ycnoB~~ Ha 1> x ( ± f) • 

Bn~RH~e rpaH~~ np~ He60nbw~x 3Ha4eH~RX MarH~TH0ro nonfl c YBe
n~4eH~eM An~HbI nepexoAa 6b1CTPO ocné6eBaeT. M~, AnR np~Mepa, BbI
nonH~n~ paC4eTbl yc(h) AnR Me~ccHepoBcKoro ~ OAHocon~TOHHoro co
CTORH~~ np~ 2r = 10 ~ ~ = 0,5. TaK KaK An~Ha nepexoAa CYl1\eCT
BeHHo 60nbwe pa3Mepa con~TOHa, TO Anro oAHocon~ToHHoro COCTOflH~R 

Yc (h) ~MeeT xapaKTepHbl~ B~A cnerxa HaKnOHHoro nnaro ICM. p~c. 3 
'Kp~B~e 3 I. XapaKTep 3aB~c~MOCT~ Kp~T~4eCKoro TOKa OT MarH~THO

ro nonR np~ 60nbW~X ~ Man~x 3Ha~eH~RX r, TaK~M 06pa30M, pe3KO 
pa3n~4aeTCR. 3aMeT~M, 4TO AnR An~HH~X nepeXOAOB MomHo np~MeHflTb 

TonbKO 4TO on~caHHY~ npocTy~ MoAenb. B 4aCTHOCT~, KaK B~AHO ~3 

puc , 3, ~opMyna 13. 7I npu 2 f = 5 He BbmonHReTCR. OAHaKo. np~ 2 r = 
= 10, ~ = 0,5 4~cneHHbl~ pacuer AaeT 'y~S)(b) a 0,11, a no eop
Myne ";3.71 nonyuaea Y ~ = 0,12. 

3aMeT~M B 3aKn~4eH~e, 4TO Ha~60nee RpKoe ~ nerKO Ha6n~AaeMoe 

pa3n~4~e 3aB~c~MocTe~ yc(h) B 0AHOPOAHOM ~ HeOAHopOAHOM nepexo
Aax COCTO~T B nORBneH~~ np~ Man~x 3Ha4eH~RX h HOB~X BeTBe~, co
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6oRA*HeB T.n. H AP· 
CBR3aHH~e COCTORHHR ¢n~KCOHOB B HeOAHOPOAHOM 
A*03e¢COHOBCKOM nepexone C TOKOM BO BHeWHeM 
MarHHTHOM none 

Pl?-86-506 

B pa6oTe H3y4eH~ cTaTH4ecKHe pacnpeneneHHR MarHHTHoro nonR a A*03e¢co
HOBCKHX nepexonax KOHe4HO~ nnHH~ C MHKPOHeOAHOPOAHOCTRMH. nonpo6HO paCCMOT
peH cny4a~. Korna nepexon noMeweH a onHoponHoe BHewHee MarHHTHoe none h H 
4epe3 Hero Te4eT BHeWHH~ TOK y. Ha~neH~ KPHTH4eCKHe 3Ha4eHHR TOKa Yc(h), 
npH KOTOP~X pa3nH4H~e CBR3aHH~e COCTORHHR TepR~T YCT0~4HBOCTb /6H¢YPKaUHR/. 
3aBHCHM0CTH KPHTH4eCKOrO TaKa Yc OT MarHHTHOrO nonR h B HeOAHOPOAHOM nepexo
ne CYWeCTBeHHO OTnH4a~TCR OT H3BeCTH~X 3aBHCHMOCTe~ Yc(h) nnR OAHOPOAHOro 
nepexona. B 4aCTHOCTH, Ha rpa¢HKe Yc(h) nORBnR~TCR HOB~e seTBH, COOTBeTCTBy
~e CBR3aHH~M COCTORHHRM COnHTOHa H aHTHCOnHTOHa, noKanH30BaHH~M Ha Heon
HOpOAHOCTH. OcHoeH~e pe3ynbTaT~ nony4eH~ 4HCneHH~MH MeTonaMH. B pa6oTe TaK*e 
npHseneH~ npH6nH*eHH~e a~pa*eHHR nnR Yc(h), Ha~neHH~e c noMowb~ 6H¢YPKauH
OHHo~ H COnHTOHHO~ TeOpHH B03MyweHH~ H npHrOAH~e B HeKOTOp~X npenenbH~X cny-
4aRX. 

Pa60Ta B~nonHeHa B na6opaTOPHH TeopeTH4eCKO~ $H3HKH H na6opaT~PHH 
B~4HCnHTenbHOH TeXHHKH H aaTOMaTH3aUHH OHRH. 

Coo6meHHe OfihenKHeHHoro KHCTHTyra RnepHhtK HccnenoaaHHH.ny6Ha 1986 

nepeBOA O.C.BHHO~paAOBO~ 

Boyadjiev T.L. et al. Pl?-86-506 
Bound States of Fluxons in lnhonogeneous Josephson 
Junction Perturbed by Bias Current and External Magnetic Field 

We investigate static distributions (bound states) of the magnetic 
flux in moderately long Josephson junctions having local inhomogeneities 
and placed in a homogeneous external magnetic field h. The experimental 
configuration for which the bias current y flows uniformly over the junc
tion length (overlap geometry) is treated in detail. The critical values of 
the current, y0 (h) , for which the bound states become unstable (bifurca
tion points) are determined. The dependence of Yc on h for inhomogeneous 
junctions is found to be qualitatively different from well-known distribu
tions y0 (b) for homogeneous junctions. In particular, in the low h domain 
the new branches on the y 0 (h) diagram are formed corresponding to the soli
ton and anti soliton bound states localized on the microinhomogeneity. llain 
results are obtained by numerical methods. Some perturbative approximations 
for y 0 (h)are presented. 

The investiqation has been performed at the Laboratory of Theoretical 
Physics and Laboratory of Computing Techniques and Automation, JINR. 
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